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DEVELOPMENT OF NACA SUBMERGED INLETS AND A COMPARISON

ZUSTSrcmA 1/ -SCALEHODL

,OFA FIGEIER AIRPIANE

By Emmet A. Mossman and Donald E. Gault

_Y

Characteristics of }_ACA submerged duct entries and w_ng leading-
edge inlets designed for a I/_-_cale flow model of a f!_hter_type
airplane powered by a Jot engine in th_ fuselage are presented. Duct
total-head losses at the simulated _,utrance to the Jet engine and
pressure distributions over the duct entrieo are shc_n. A comparison

of the dynamic pressure recovery and critical _nch number of the t_o
intake systems is made. Included is a discussion of me_od_ of
ameliorating a duc t-flow inatability vhich may appear _zith a twin-

entrance submerged duct system.

The dynastic pressure--recovery results indicate that, for a
Jet-propelled airplane vith the _et engine in the fuselage, NAC_k
submerged duct entries afford a b_ttor method of supplying air to

the Jet engine than wing l¢.ading-edge duct entries. This choice of
the submerged entry is mainly due to the complex internal ducting
of the wing leading-edge system. Th_ critical Mach number is shown

to be higher for these NACA submerged funelage entries than for the
basic wing section or the wing leading-edge duct entries, through the

hish-speed range d_r_nto _80miles_er hour (CL=0.20), for sea level
flight.

: , ._ _! _,i

Alrplanes or _l_siles _hlch utilize the oxygen of the atmosphere

for combustion In their _ropulsive systems require that the air be

ducted _Ith a minimum pressure los_ from the free stream to the
entrance of the engine. Small'losses in Internal-flow systems
handling the large quantitiea of air requiro_ by _et engines cause

serious decreases in tha thrust ar_ appr¢_ciablo Increase_ in the
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fuel consump_%on so'that the_attalnm6nt of optimum perform_nce from
a Jet-poweredairplane depends,:Ingreat l_ar_,upon the aeloction
and designof, a'[dUC%i_system:whioK_ill;sup_ly air to the 3st

duc.ing efficiencylfor,a _et-_ropelio_ airplane by partially convert-
ing the kineti'cenergy Of.the entering air to pressure energy, mqd
conserving the remainderof the kinetic energy _o that a minimum
Dres_ure loss results at theentrance to the _e'_,-enginecompressor.
In this investigationtwo 4uctlng systems of dissimilar geometry wore
designed and installed on al/_-_ealeflow model of a typical fighter
airplane. One design incorporatcdNACA submerged inlets and the
other, wing leading-edge inlets. Because the same model was used for
the two duct installationsand the air q_ntity requirements through
the range of flight attitudes were _d_utical for the two syste_as,
this investigationafforded _n excoll,zntmean_ of comparing their
relative merits.

Th_s work_as done in the Ames 7- by iO-_oot wind tunnel in
conjunctionwith the g_neral inveetisationof _et-motorair intakes
being conducted at the various labora:_oriesof _e NACA. The _osign

: criteria for th_ NACA _ubmerge_duets were taken from reference i.

SYMBOLS

Tee _ymbols used .throughoutthis report are defined as follows:

CLairplane airplane lift coefficient

Ah total-head loss in boundary layer

A_ lOSS in total-hea_ of the duct system from free stream
to the entrance of the _ot engine

AHE loss in total-hea_ from free stream to duct entrance

_D lossin t0tal-hea_..:from._uotentrance to entrance to
_t engine' ......:':'i!ii'/ii _ "

%

P pressure coefficient [(Pl-Po)/qO]

p_ local statio pressure

Po frce-_tream static prc_e
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qe _,vnamicpressure at 4Lustentrance (2lOrds)

qo free-stream _nmmic _ressure (_V:)

Vi duct-lnlet velocity '

Vo free-stream v01ocity

Vi/Vo inlet-velocityratio .:. , ,

angle of attack referred to fuselage reference line,
degrees

0 mass density of air, _lug_ per cubic foot

L°tal dynamic _r°ssure rec°very ( I-AH)qo

nE dynamic pressure recov,_ryat duct entrance<l -

_D internal duc_ efficiency [I --

MODEL AND APPARA%IIS

Thm 1/h-.scale, partial--sp_n,/flowmodel of a fi_d_ter-type
airplane used in these test_ was originally designed as a model of
a Jet-boostedaiz_lo.ne. For this _3eriesof testu, however, it was
assumed that the front reciprocating engine was removed and _hat +/us
rear Jet engine was the only means of propulsion. The J_t-ongine
air-inlet ayste_ were removable so that NACA submerged and wing
leading-edgeducts could be testes alternately. The model, col_-
structed of laminated mahog_my over a _teel framework, had no
provisions for landing gear or empennage.

For the NACA submerge_ _uct entry a_plicatinn, twin entrances,
symmetricalabout .the!ongitudinal axis,:_worolocated along the

sides of the fuselage_:2 inches,.(mo_ol_:scale).:forwa_ of the Junction
of Lhewing l_ding :e_oand the, fugela_e._,_e alr _r_wnthrough
thorsubmerged,entrance'_m.a dueto_::_irectlyaft, making one graduhl
turn inboard to the Jot engine when clear of the _ilot's enclosure.
The wing leadin@-e_ge duct system, also .qymm_tricalabout the
longitudinalaxis, first ductcd the air Inboard fro_ the wil_
leading edge ahead o_ the wing spar, nextturned upwar_ into the
fuselage, and then parallel to the thrust axis with a final turn

"']ATA 19'7[, t



inboo_ to the entrance of the Jet ttnit _Imila_ to thnt for the
submersed entry. .Eachwing leading-odse duct made thr_o approxi-

mately _5o turns lethe horizontal pl_ne _ni two 500 turns in the
vertical plane. A comparison of the interncl ductin8 of the Z_A_

submersed duct entry and the wir_ leading-e_e entry is presented
in figures 1 _und2. :

Full-scale wing _'__ flap_imensions for the airplane are given

in table _, while figures presents a:d._awin_ of the airplane on
whlch is inlicated the wing spaniel.this I/_-scale flow mo_e_. _ne
model, equipped with wing lea_i:_-edge ducts and flaps deflected

50°, is shown mounted in the ttunnolin fixate M.

For bench tests to determine the duct efficiency, air was d_wn

through the left-hand ducts by a throttle-controlled constant-speed
blower. (See fig. 9.) A plenum chnn_or a_d _uct-exlt turning vanes
were used for these tests to duplicate, as closely as possible, the
flow conditions of the wind,tunnel tests and to eliminate any effect

of the butterfly-type throttle. Quantity flow wa_ measured by a
standard venturi located _ownstream of the plenum chamber. The duct
total-_cad losses were :aeasured _t the simulated entrance to the Jot

motor by a rake consistin_ of 17 shielded total-head t%_bescom_ectod
to an integrating manometer and four static_head tubes.

For the wlnl-tunnel tests, the inlet air %_s drawn through the
model by a centrift_ul ptm_ driven by a variable-speed electric

motor. The air, after pasoir_ through the ductin_ systems, was
discharged into a plenum chamber i_ the f_Aselage (fi_. 6). From
this chamber, the air was dl_wn out of the model t_Lrougha duct in
the wing spar and entered a mercury s_al which isolated the wind-
tunnel sc_lo system from forces on the exterr_l ductin_ system.
Q_ntity flow of air wa_ measured by a stand_r_ orifice placed

downstream fr_u the mercury seal, the dlscho_r_e end of the orifice
loading to the pump located outsi_e of _he wind tunnel.

_he total-h_cd losses were mea,ured by pressure-tube rakes,
one placed in each duct at the simulated entrance to the Jet motor.

Both zukes were identical to the rake used for the separate teats
on the internal ductin8 systems a_i were connected to a single
integrating manometer to allow evaluation _f the over-all losses.
The pressure distribution, were obtained from orifices built into

the model and connected to li_ui_-in-81css manometers. All pressures
were recorded ph0to_ccphically. .
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....... .:_',;_EST'ME_0DS

Prior to the tests' neoessa_ for a coml_rison between the two
systems, a developmental investigation was made, to devise an entrance
configuration which gave_the highest ram recovery over ,the flight

_:range Of_,Irlet-velooitY_/ratiOs_!_fr_cruisir_,:to hi@h leveed. In
, ./-_thisl;!:_el'Im_y..i,stu_._i_:,t_e!igeamet_i,_Of:.:tho/ramp.and:deflectors were

_constant ((_OO).ani the inlet-velocity ratio varied throughout those
tests.

At the conclusion of the _Levelopmental studies, total-head losses
at the simulated entrance to'the _et engine were measured for both
duct systems. These losses were obtained throughout the angle-of-

attack range for flaps retractel and flaps deflected _0° at inlet-
velocity ratios of 0.20 to 3.00.

A method was devised relating the airplane lift coefficient
.. with the flow model angle of attack. _1_eserelationships are given

in figure 7 for flaps retractel and flaps deflected 90°. From this
figure and the relationship between inlet-velocity ratio and airplane

._ lift coefficient _iven in figure 8, the total-head losses can be fecund
for all flifiht conditions.

• In order to facilitate the model testlng_a relationship was
derived for setting inlet-velocity ratio by means of the orifice
pressure drop. It was assumed in the derivation that the density
at the duct entrance Was the name as that in the free stream, which

is true only at inlet-velocity ratios of 1.OO. However, the emir
in inlet-velocity ratio was negligible, amounting to 0._ of _ percent

and 2.0 percent at rati.os e_ual to 0.20 _.nd3.OO, respectively.

For the submerged duct installation, pressure distributions
were taken along thecenter line of the lip and ramp for both constant

angle of attack (c_O°) thre,bout the inflow range, and for matched

conditions of CLairplane, 'mo_.elangle of 'attack, and inlet-velocity
ratio that _imulated fli@ht at sea level. Pressure data for the
wing lealin_.-e_ge inlet were obtained throughout the angle-of-attack

range for several inlet-velocit'y ratios'_that c0ttl_be encountered in

hig peed'fli@t.'i'i ,i ' .
r _
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DISCUSSION

Development of the Intake Systo_

It was realized that in the al0plication of the submerged duct
cr_ teria, the proximity of The wing to the duct entry and the curva-

ture of the fuselage contour, factor_ which could not be evaluated
in the general investigation, mi6ht modify the placement and exterior"
shape of the entrance for m_x_m_m dynamic-pressure recovery throughout

the important flight range. 'A prevlous application of a submerged-
duct system disclosed that, when the duct entl'y_s placed adjacent
to the wing, the flow field of the wing had an adverse effect on
the lip-pressure distribution and induced a flow interference along

the ramp. For these reasons, the entry was placed as far forward
of the wing leading e_e as possible. Prellminary tests werc. made
to devise an entrance configuration giving the highest ram recovery

over the flight range of Inlet-volqclty ratiob from cruising to high
speed.

Reference i states that the deflector size for submerged

inlets is determined primarily by the boundary-layer thickness.
Therefore, measurements _ere taken on the baslc fuselo_o conto_u,
at the station corresponding to the lip of the submerged entry. The

boundary-layer profile obtained, compared in figure 9 with boundary
layer i of reference i, indicated that the deflector size req1_red
would be similar to the small or normal deflectors. Using the
entrance losses of reference i for an entrance configuration and

boundary-layer thickness that closely approximated the conditions
on this model, it was desired to estimate the total-head recovery
that could be expected for the :_ACA submerge_ entry by the following
relation: _. , . ,

" nE+ (  l)(vitro)2

This served a_ a guide to the preliminary studle_ in which the
geometry of the ramp and deflectors were altered to obtain the

highest recoveries thro$ the Important flight range.

Use of the aforementioned rel_tionship required the determina-

tion of the duct efficiency from separate test._on"the internal-
ductiz_ system. Bench tests conducted on th_ left-hand internal duct

indicated a 92-percent du_t efficiency (fiG. i0). A trust study

dlsclose_ nostall in the curved section of the _uct,_and it is
believed that vanes woul_ not improve the recovery.

A comparison of the estimated preesure recovery and that obtained



with the final s_1)merge_%xct-entx-J oonfi_'ation is shown in

figure ii. Consi_drir_ the _resenoe of %he wir_ anl the fuselage-
surface Curvature: (faCtors mentionel previously which were not

evaluatel in the general i_vestifiation of I_ACAsubmersed inlets),
and, in adlition, the 9re,ability of a slidht chanse in duct
efficiency with inlet-velocity rutio, it is thought that the
estimated an_ actual total-_hoal recoveries are in gee& agreement.

It should be emphasizol/.that no 4Lr_g evaluation was made in

this or subsequent tests, _Anl that the final duct-entrance configm'm-
tion was determinel only from considerations of the d,Vnamic-prossur_
recovery and criticalMach number of the lip.

Views of the fin_l suhmergel duct en*_r_nce confi_Aration ar,J
presentel in fi_n_res 12(a) anl 12 _). Orlinates for the plmu-foz_n

shape of the ramp and deflectors, and the lip-contour ordinates arc
presente4L in figure 13..

Selmrate tests were m_de on the win8 loadi.ns-ed4e internal

_0 ductir_ to _otermine its efficiency. 8ever_l tests were m_do to
obtain the best pressure recovery with variou_ guilo-v_nc confi&mu_-

tions. The dl,ctir_ efficiency obtainel, 6_ percent (fi_. i0),
indicates that the s_vor_l bends, even with GnAide_nes, occasion
considerable losses. The internal-structure azu__-4ement of the

win4 and fuselage largely detormlne_ the complexity of "the ductin_
system for win_ leading-triBe inl_t_. The usual remult has been

low internal-ducting officiencies. If those internal-ductin4
efficiencies coul_ _e improved, ma_or incree.sos in the pressure

recowry at th_ entrance to the _ot-o_ine compressor would
result. However, for the type of aircraft considered, with the

_t ermine in the fusel_ge anl usinS win8 leadin_-ed4_e inlets,
no s.4gnificomt _ins have been fo_ml. With the tendency toward
thinner wings on hiseh-spee& aircraft, anl with the increased air

requirements of the new highTthrust _et motors, it is probable
that using wing inlets on this type airplane will become more
liffi cult.

/The win_ lealing-e_o inlet 'is shown in fisnlre _. A comparison
of ,the plain an_ _ucted wing sections to_ether with pertinent
ordinates are given in fi_nAre IM.

Comlmriaon of the Intake Systems ,

DYna_-_rees_re losses.--Upon completion of preliminary tost_
and selection of the nubmorgc_-4uct-ontrance oralwing io_dins-ed_c-

i_%e% confisur_tions, the _uct total-heal losses were detormlnod.
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Tables I_ and III present the _reSsure: losses as a ratio of free-

stream dynamic _rossure for flaps rebutted:and f_ps _eflected 50°,respectively. The total-heal losses.aS alf_nctlon of airplane lift

coefficient throughout the flight _range,_flaps retracted' and flaps
deflected 50°, were obtainei'fram these'dat_ by cross-plotting for
proper values of.angle of attack and inlet-veloclty ratio.

...... '2:,.

The t6tal-head losses, flaps retracted, for NACA submerged and
wing leading-elge duct Systems :are compared in figure 15 for sea-

level anl 30,O00-foot operating<conditions, _ the same figure is
presentel the comparisonTor flaps deflectel 50° at sea level.

Examination of figure, 16,-_hich_c_Ix_res ,the _dynamic-pressure

r_coveries 'for the twO'i_systems%hroughout-_.thespee_ range, shows a

greater pressure rocoverY,_forth_:_C_/submer_ed duct entries for all
flight conditions, Of particular, inherent is the high-pressure

recovery over a wide range of flight speeds that is obtainable with
the NACA submerged duct entries on th'isIrL_tallation.

Pressure distrlb_t_Ono- Table IV llsts in tabular form the

pressure distribution in terms of pressure coefficients over the lip ,.
of the NACA submerged duct entry for constant an_le of attack (_0)

through the inflow range, and for matched flight conditions at sea

level. Figures 17(a) and 17(b) present the pressure distribution ..
along the bottom of the ramp.for these same conditions._ .Because the

ramp was lengthened while the'model was inthe ttmnel, pressuA-e tubes

are lacking ov_r the first 3 inches._i,_nis is unfortunate, since the
pressures are still rising in _hi_ 'section. H_rever,,these pressures
over the front portion of the ramp (fig. 17) are unduly high and not

representative, since, for the submerged-duct installation, the
velocity ratfo of the air entering the cowl was zero; thereby causing
high pressure peaks over the forward portion of the cowling. A

streem_line nose shape wouldprovide a more favorable pressure
gradient on this front portion of the ramp;

Pressure distribution for the wing leading-edge inlet is tabulated
in tables V to XI for the wing-fuselage _uncture with the plain and
ducted wing section and the outboard closin_ shape (wing station 18,

fig. 14.) For all practical Inurposes, the pressure distribution
at the wing-fuselage Juncture and outboard closing shape was found
to be independent of inlet-velocity ratio.

The critical Mach numbers were determined frgm the peak negative
pressure coefficients of the two sYStems by the Earm_n-Tsien method
outlined in reference 2. The critical Mach nt_abers for matched

condit'_ons at sea level for NACA submerged and wing leading-edge

inlets are shown in f.igure 18., Included is a comparison of the
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critical Mach number of the two inlets, which shows the NACA submerge&

duct entry to be higher through thc_range of high speed down to 280
miles per hour (CL=0.20) for sea-l_,vel flight. In the high-speed
attitude the comparative values are 0.75 for the NACA submerged inlet

and 0.67 for the wing leegling-edge inlet. Although suffici_nt data
are not available for a direct comparison at altitude, the use of
NACA submerged ducts for this installation should prove more advan-
tageous through a _omparable speed range. In comparing the two type

inlets at some other altitude for a given flight condition, the change
in the cl'iticalMath number characteristics from those _h_r, on figlu_o

18 would be due, primarily, to change in anglo of attack. _e wir_
leading-edge inlet is more sensitive in this respect, so that the

difference between the two entries as shown on figure 18 should be
accentuated. The effect of the change in inlet-velocity ratio with

altitude for a given flight condition is of secondary importance.
Pressure distributions were not measured over the deflectors. In

this series of tests the deflectors were _[eveloped solely from the
standpoint of increased pressure recovery at the entrance of the inlet.

The existing deflector configuration should not be considered as final_
and it i_ probable that more gradual conto1_ms could be utilized for
more favorable air flow along the fuselage.

It should be empl_sized that the cr_tlcal Mach mnnbel_ of the
submerged duct entry is to a large extent dependent upon the type
of pressure field in which the duct _s placc_d. A location nearer
the wing will give somewhat lower critical Math ntunbers.

Flow instability in a twin _I.CA submerged duct system.- Under

certain flow conditions at low inleb-w_locity ratios, an unstable
condition of the entering air may be emcount(_red with a twin NACA
submerged duct system. This instability is common to ducting
sy_tems consiting of two entrance channels which discharge into a

common reservoir, provided that, with _ncrea_?ing inlct-v_,].ocityratio,
the total-head lo_so._first decrease and then increase. This condi-

tion can exist, a:_in this case, where the entering flow is constraino&
on one or _ore sides so that some boundary-layer air i_staken in.

Whether the instability would occur in the actual installation
depends upon the mechanical design of the Jet motor. If the air
empties into a common chamber before ent(_ring the Jot-_notor

compr_:ssor, the instability could occur.

At present the inlet-velocity ratio at the start of instability

cam_ot be predicted, but It has been observed that instability never
occurs at ratios above that at maximum recovery. In order to prevent
instability the entrance ducts should be designed for a high-speed

ee_m_jmmw_A_L
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inlet-velocity ratio that allows a margin of 0.2 to 0.3 above that

at instability. Thi._Jwould permit the Jet motor to be throttled consiier_
ably and still operate in.the Btable range. However, if this does not

allow for sufficient throttling, then mechanical ievicos could be used

which would either maintain inlet-velocity ratios above that at
instability when the engine was throttled, or would decrease the ram
recovery so that the n_xlmum recovery would occur at inlet-velocity
ratios below those at which the airplane was momentarily operating.

The bottom of the ramp could be hinged at the forward and so ti_t

the inlet area could be reduced or completely closed off by a trap-
door arrangement. This would not only eliminate the instability but

also enable a Jet-boosted aircraft, cruising with the Jet motor
inoperative, to eliminate the high drag due to air bleeding through
the Jet motor. For use in a completely Jet-propelled airplane, a
butterfly valve in one of the entrance charu_els could be auton_tically

•moved in conjunction with the throttlej so that when the speed of the
Jet motor was reduced below a certain value, the valve would be
actuated enough to eliminate the instability. Another possible means

of ameliorating this condition is the _rovi_ion of a hatch in the
ducting system, forward of the compres._Jor,which could be opened when
the Jet motor is throttled back to all_¢ a_r to bleed to the free
stream. This would permit continued operation in the noncritical

inlet-velocity-ratio range, and control could be _de similar to the
aforementioned butterfly valve. _hi_: last m_thod of bleeding air
through the duct and the first method using the flexible ramp would
also eliminate the low critical Mach nu_mbers that r_sult from high

negative pressures over the outside of the lip at low inlet-velocity
ratios. A further advantage of any of these mechanical devices is
t]_t they also would facilitate starting the Jet-engine in hlgh-sp_.od
flight by lowering the air velocity through the combustion ch_mbe_r

to that necessary for flame propagation.

In the consideration or sclectlon of instability-<..llmlnating

devices such as those described, ic is of prime importance that the
device should cause no decrease in ram whoh not in use. When the

device i8 in use, however, any loss in ram resulting from its opera-
tion will be of minor importance, since the unstable regime usually
occurs with the airplane at high speed and the jot motor throttled.

If the ducting could be so designed that a single NACA submerged

entrance would lead to a single Jet engine, this instability would
not occur. For a Jot installation on a swept-back wing, where the
use of _acellos for the Je+ r_,_glne_inctu-sa premature drag rise

(reference 3), this principle might be applied advantageously by
locating the jet engines in the fuselage.
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CONCLUSIOn,S

From this experimental investigation of an NACA submerged duct
installation and the comparison with win_ leading-edge inlets it is
conclude@ that:

1. For a completely Jet-propelle d aircraft with the Jet engine
in the fuselage, NACA submerged entrie_ merit soriou_ considera¢ion .
as a means of sup_!ying air to the Jet engine. For thi_ installa-
tion, NACA submerged duct entries gave,higher pressure rocow_ri_:
at the entrance to the Jet engine than wing leading-edge inlots

throughout the flight speed range.

2. The critical Mach number (0.7_) of this _DICA submerged duct,
is greater than that of the basic wing sections ueed on present-day

fighter_.

3. For this type installation (a Jet-propelled aiz_lane with

Jot engine in the fuselage) the complexity of the duct and alr_lano
structural design would be greatly reduced by usirs an NACA submorg_._d-
duct entry.

4. A flow instability in hh_ ducti_ system, which would noc.
occur with wing leading--edge duct entriez, could exist at.l_.zi:_lot-
velocity ratios with twin NACA submerged air inleto. By proper

selection of the hi_1-speed inlet--velocity ratio, this cc,ndiLion
could be precluded from ordinary flight. For high-speed-flicht

attitudes with th_ Jet engine t.hrottled,mechanical methods of
alleviating the instability should be employed.

Ames Aeronautical Laboratory,
National Advisory Com_nitteo for Aeronautics,

Moffett Field, Calif.



3.2 .........._................__._.. _.......". ! O

REFER_CES

I. Frick, Ch_les W,i,:DavI., Wallace F., l_ndnll, L_uros M., and
Mossman, Emmet A, : An Ex'perlm_n_l _nve_tlg_tion of NACA
Submersed-DuctEntraaces. NACA ACR No. 5120, 19_5.

2. yon I_-r_n, Th.i C_pressibtl_.ty Effects In Aerodynamics. Jo_.

Aero. Scl., vol.8, no. 9, July 1941, I_P.337-356.

3. H. Lu_welg: Pheilfl_el 'bel hohen Geschwlndlgkelten (Swept-back
Wings at High Velocities). _ep. No. 127 Llllenthal-
Geselschaft fu_ Luftfahrtforschung, Sept. 19_O.



•NACA RM No. A7A31 13

TABLE I.-_FULL-SCALE: OEOMETRIC WlNO AND FLAPS
CHARACTERISTICS FOR THE FIOHTER AIRPLANE

1 _VlWi Ikkw. .... Im_

l R J IIU I_ ]J i i Ell

Wing
Area, sq ft ................. _00.25
Span_ ft • • • • • . • .......... 48.00
X.A.C.,in: 104.6

o o o. :i:Root section 6 215) Elg i.O

,Ip,.otlo. .65(.n2)-213-I.oGeometric twlst d g .... 2_
Aspect ratio .'. -.. • ...... 5.76
Taper ratioii_)... 2.33' @ ". • , • '.e ...@ • • • • • •

Incidence at root rd, dog " " " !/oho . . .... . . . , .
Dihedral of chord plane, dee ..........

Flaps
Total area, sq ft ...... . ........ 50.8
Over-all span, ft . . . . . . ......... 22.56
Chord............. 2 3 percent wing chord

Travel, dee . . . . .... . ....... .'O to 50
Wing area affectef, eq ft ........... 221.61
Type ,... ,:,,,., . . _:!:,_Extenelbleslotted, withJ
,' ,'_::::i,:__ : i",,:_i,'i_i_ii_::fixed:vane on leading]

' ',.: - ":;_"''i': ..... •' fixed trackel

_***_''_1t1"_ / NATIONAL ADVISORY
v|_| ll_a.-|_l • ...t[...

GOMMITTrE FOR A[RONAUTIO|



7UR _X 1/I_eCATX]rLO_waDIL ar _ _ _ wI_ FIAI6_

¢e_wwww,T_L

_\ i I
o._. o._o= o.21oo..U_ o.183o.:no o.173o.,U33o._ o.2"b'30.S_LO.qJ09_.3300.3_30,.3"J70.3_ _.3_
.3 .193 .zT8_57 ._7 .z57 .168A89 ._o_ ._B ._e ._6_._79._ ._ .309---

•_ .157 .I_ _ _ _ .136.I_ ._ .188.191 .2oo.maz ;;m_6._J7.261 ._'_
._ ._--6_ _ .o95 .o9_.z_o ._ _ ._8 ._38-_3 -_Y_-._8 ._79-.zB9.zB9
.6 .no un .zoo.oI_ .oi*._@5 .o_o._oo._ .no .3.1.o.L_ _07 ._Iz ._ ._T
•T .no .zoo .090.079 .067 .013 .01_.o85.o9o.o9@ ._ .no Lu5 .1.1L9.L_@..13o .

.121 .1o5.o95.o79 .o69._r_ .o79._e_.o9o .o_ .1o@1116:Jl.21 .3too1133 .139 ......z.o ,a._;) A_ ...l..T7.117 u.ok .o9_ .ogre,...too./o6 ..u6 _ A3_ A_ .:z)8 ._7 ._u.
z._ ._ ._9_ ._I_ ._ .136 -136 .13o ._o ._ ._9 ._I_ _ _._9_ ._8 ._o_ ._o

z._ ,_ ._@_ ._ ._9 ._o ._o ._ ._3_ .t_@ ._, ._T_ ._",_1 .3_ .373 ._3
• .o ._ ._,_ ._ ._ ._,_ ._ ._C3._ ._C3.1_ .:_ ._ _,;,e_0.era .eo .eo :
• ._ ._ ._,_ ._,_ ._ ._ ._ ._ ._ ._ ._ .era7.'_ _..7o6.'r_ .m._ .8L9

_.o ._o9 ._ z,oe,I _.o6oz.o_oz.zm.]..]_;)-,.:_mz.t,k9 z.2m_,z.)o) z.t,l')_._ z._,k _._ z._n

_,,i -3"°_ -e'°_-1"°1 0 1"0_ 2"05 3"°6 k''°T ''0B 6"1° 7A1 Bj) 9.lk 10__
O.ZL 0.],39s 0.2330.1k_O.OB20.0680.062i0.063:o.o'b70.063O.OeO0.0960.1300.1670.1_90.1360.].32 C_
-_3 ._o3 .299 .16T .125 .105 .111: .111' .13.l .133 AJ_ .3_ ._ ._71 .31T ._k3 ._ >

._ .kgk .:De ._,o_ J._ .:zS_ .zSk .z87 .:z_ .zn .t,',_9.t,93 .36k .kkl ._-9 .kgk ._c5 ,

.87 ._3_ .3_ o_'a_._._ ._ =__ ._83 ,._ .:)"_0..383! .,_ .'Wl .'_n .7o6 .'_ .'_m

]..)o .6_o ._ ,kk3 ._ ._,7o._ ._ ._,_6.6o_ .rm,);.'7-_).o._._ ].._!)..:z,i9_c.o-_z
_._ ._ ._e ._ ._ ._ ._ ._.._ ._o_._TT_._n_:z.o-n_._ ).._):z._ :z._._, >

•.. COMMITTEE FO_ AERONAuTIG$ I--_





16 NACA RM No. ATA31

?_LZ it.- P_SSgttl_ DtiI_tIl_XCII fffl N LIP 0P _ 8_K._D _ ISTtT
P0R THI I]t,-8C._ FLOI l_IXr.L 0r ?I IrIouTER I,X_PLI_

Matched ooMltilS at ees lml, propett+r re._v,_

_8+.-,,o. _,p,+.,. o.,io.,io., 1oio.,i o.,to.++,I,.,,l,.+J,.- 1+.,,,
i

o., -o.6 o,9 o sml 0.834 0*.683 0.913 0,.'/_ 0.038 ..0.361 -0.419 -0*.334 -0.169 -0*.068 I-0.000

.76 -.1 .234 .188 .198 .264 ..6"19 *978 .112 -..173 -.31e -.290 -.249 -.Oe? -.112

.BO 0 .163 .092 .097 ,.127 ,.382 0987 .149 o.122 0.286 -.280 *.244 -.OCT -.117
i

1,00 .5 -.241 -.371 -.391 -.402 o.431 ..841 ,.641 .0070 *.201 -..241 o.221 -.110 -.130
i t

1.20 1.2 *.672 -.8M -.933 -1.193 -1,.448 ,.T5'2 .833 .070 -.181 -.241 -.26t ..t71 -.191

1.40 1.9 -1.093 -1.223 1.440 -1.917 -2.533 .318 .9t6 .170 -.119 -.239 -.Z?8 -.209 -._9

1.60 2.8 -1.746 -2.039 -2.233 ..3.G39 -4.3S0 -.647 *.980 *.230 -.020 -.196 *..238 *.216 -_6

2.00 4_.8 -2.980 -3.4"f0 -3.822 *80198 ..801e0 ._0941 .082 .I?T 0020 -.218 -.333 -.333 -_313

2.20 s.o i-3._o.-+.2,o..-+..8oo-e._c-lo.+,o .+.+,o .._o .1,o o -.:+o -.4,o -.++o -_o
C_mO° ,

t_

0.41 0 0.(121 0.006' 0.883 0,++4 0.,9 0*.434-4),.8_0 -0,.441 -0.111 ..0.$92 -0.310 -0.lOe -0..137

.44 0 .636 .690 ,.e38 .811 .986 .49tl *.8_ -.467 _..802 -.388 -.304 -..106 -.137

,47 0 .682 .S_Z *.60?. ,.771 *.967 *.5?8 -..I83 -..460 +.487 -,3T9 -,304 -,.10e -,140

.52 0 .650 .529 .570 .T29 *.945 *.64? *.888 ...4(50 -.47@ -.379 -.308 - .110 -.138

.88 0 .491 .460 .496 .636 .894 ,.Tg| -.SM *.39@ *.44S -.3(rf -.300 -.lOe -.160

.82 0 .428 .393 .422 .544 .810 .880 -.2 'JO -.318 -.3_9 -.347 -.284 -.098 -.127

.66 0 ' .386 .315 .342 *.429 *.704 .111 -.107 -.2M *.369 -.322 -.276 -.101 -.127

.T3 0 .267 .20@ .228 .289 .684 .17_ .072 -.241 -.321 -,.217 -.268 *.096 *.121

,81 0 .011 .030 ,030 ,.040 .334 ..leo ,$23 -.131 .'.283 *.283 -,253 -,091 -..121

._4 0 -.147 %254 -.267 -,:._20 -,2'14 ,947 ,847 *,067 -,214 -.240 -,227 -,10? *,120

1.16 0 -.840 -o8201..860 -1.120 -1.300 .880 ,_0 0 -.OeO -,140 -.100 -,060 -.OeO

1.¢_. 0 -1.648 -1.1K)6 .|.Ie8 -2,.*._3 -3,460 -,323 ..IM ,194 ,O06 .,032 -,068 -.O32 -.(_2

1.BI 0 2.S_ -3.0481-3.142 -4,.4_ -6.140-1.919 2000 .333 ,.190 .048 0 0 0

" 2.12 0 ...4.008L.4,666!-4,9:53 -7,_._ -9,1_80 ..4,.M2 I ,'/'34 *.333 *.I(S7 ,.133 O 0 0

2., o .?., [:o.,.,.,21:,,.2,1-,.-i-,o.-o .,1, .,, .., o o o
NATIONAL&C_SORY

_IITII FOR AIRO#AU'DGI

.... ^ ,T+ _, _t+,')/+7t,



N
A

C
A

R
M

N
o.

A
T

A
31

17



5 

i B TABU VI.  -WINO FUSELAGE-JUNCTURE PRESSURE DISTRIBUTION (WITH WINE) -IN@-EDGE r 1 DUCT ENTRIES INST-) FOR THE ~/PSCALE FLOW MODEL OF THE FID- ~~ 
J . 

, -, 
- 

1 

- - - - - - - - - - 

Upper trurfme 

o -0.337 0.a7 0.306 0.540 o.g64 0.991 o.ggg 1 0.924 
1.0 -819 .730 0550 i .290 -.)21 -1.105 -2.063 Idol& 

Oo7$ 
-0007 

0392 '-3 -172 
-. 09 -.162 -,W8 -0710 -1.381 -2.226 -30  

5. .05 -.i5Z 1 -371 -. 624 -.a51 -1.381 -1.966 
e29z 

7.9 434 -0 W4 -0306 -0186 0. 692 - -1.Q 
' 10 0021 -0 21b 0.374 -0 12 0,686 -.a1 -1.1 

15 -1.287 -.m -. 29. 
-*g2% 2 : I 0.606 

3 1  -1.166 -1, 
19 -.269 -.TO z: g!! -.978 

-1.183 -1.330 
1 % - * 2 d  -0342 -0 -04775 -0724 -.66i -.971 -*k -. -0 b63 -0523 -.- -*490 - 469 1 % -.&O 

-. 77 -*% -* 

: -.&55 w.468 -.am 
0.6311 -:g: -0720 

i 70 0'337 o -.m7 1 .oo7 -007 013 0007 0007 0007 ] 
-- - 

Lover aurfme 



T.AE3LE V I I .  - PL4I!:-!;"INrJ P3ESSUIIE DIST3IBUTICE: AT STATIOI: 13.50, 
~ / ~ S C A L S  FMk' !!CDEL OF TIE FI"JHTE3 A I 3 W N E  

c- 
4 I 

Lover aurfsce I 





Lornr Ismor Surface 

3 9 4  
.762 

1 

.924 
-898 

J 

.950 

.396 
.951 
.890 

W T l O U L  A m m T  

- T N  ma ACIO*AUIIC. 

.958 

.904 
.902 
.BBB 

4.2 
5 -7 

A44 
.7S7 

,652 
310 

.716 
-564 

.956 
A69 



_ [T_"o . o._]
7

; 4.07 6.10
chor

Upper Surface

---5._ 2
__ ._55I-_.3_91-2.5o9_._ .__ o____-._ -:----_I-__._._.-3"8°°

25 -n861-.273 _2 I.n21_-1.31_I-I,81o
20 -.246 1-.51_ ..... -I. 3)

_ -.,_,-.,_ ___-:_._-._a_i-._. -:_o2 -:_
-._,7)I-.512-.56

I
____ _-.5o9 -._,oo

Upper Inner Surface

I : -0.027

5 ._2
Lower Surface

_ o. _ 0.95 0.95 0.770 0.3 o.oo-._ _l _ -_.l -_
_,7 1_.2oo1-,_ I-,737 -:5 __._9_1 ,7:_2
_.2 I -.97__I --_._ I-._3 _9_ -.} • __o_,_ _,_ __ _i i_! :_

::_ -._ I -_._._lo . I ._ I .__._31.306__ I:_ !::_ °_o ._vl ._9.1 .233 >
_,_ I -,___.1-._79. I-.3_ -,28_ __ I ,6o61 not

-.27 -.2 -.oo .o3_'_ '"'_"_- "'__ -.,o__:°_1 -:°_o
_,2 - ._ -,]_ _5o I -._ I -n551 --_

-.2o8-_82. -.z88 -._75 -._47 -.7s2 -.too
Lower Inner Surface 0

>

GOMMITTE_ FOR AERONAUTICS i__



_ 0
_ _>
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NACA RM No, A7A3f 

Figure 1.- Comparison of the NACA submerged duct system and the 
wink- leading-edpe duct system as applied to the fighter airplane. 
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Figure 2.- Comparison of the internal-ducting systems for the NLC:.. 
submerged duct entry and wing leading-edge duct entry for  the 
I - scale flow model of the fighter airplane. 





. ,.'u r,, .t . - i.he ]'-scale flow model of the fil_hter airplane, equit>i>ed
-1

witi: _,,,in;" leadint--edf_,e duct entries and the ,laps deflected 50° ,
in:',t,:.,.lled in t.l:e ..',.rues 7- by 10-foot wind turn, el No. 1.
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Figure 5.- Schematic view of the testsetup for the separate testsof o_
the internalductin_ systems for the fighterairplane. ¢m
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